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Motivation

1. President preference based multi-objective evolutionary
algorithms (MOEAS) do not consider decision maker (DM)
preference setting from the actual preference point of
view.

2. Inthe real-world preference based MOEA problems, DM
may provide preference information in different forms.
However, no MOEA can effectively deal with formal DM
preferences, which makes it impossible to solve practical
problems flexibly.



Main idea

1. The formal DM preference in practical multi-objective optimization
problems (MOPSs) is fuzzily processed, the processed objective
preference is mapped to the optimization objective in the
optimization model, and the corresponding relationship between the
DM'’s formal preference and model preference is established.

2. To avoid performance degradation caused by traditional MOEAS
In solving preference-based MOPs, we consider to reset the
Individual dominance relationship in the objective space and set the
iIndividual updating strategy in the grid to keep the distribution of
population and the accuracy of the preference area in the final
solution set.

3. In practical problems, DM preference may change, which requires
that the DM’s preference interaction be considered when solving
MOPs. Therefore, based on setting the initial grid, DM preference
can be adjusted in real time by adjusting the grid.
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Preference degree and preference error

DM preference and preference transformation in MOPs
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Fig. 1 An illustration of the transition between actual DM preference and preference in MOPs, where (a)
shows the corresponding relationship between the decision preference of the jtP goal and the fuzzy membership
function, and (b) indicates that when the DM preference has three or four levels in the two-dimensional
problem, the preference is converted into a prior preference two-dimensional hypercube
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Preference degree and preference error

Generation of the preference degree grid and preference
error grid
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Fig. 2 An illustration used to determine the prefer-
ence degree grid and preference error grid in a two-
dimensional optimization problem, where (a) repre-
sents the DM preference degree grid and the PP-HC
when the decision preference has four levels, and (b)
represents the error grid determined by the single a
(pink point) and error grid vertex (blue point)
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Population renewal strategy

Preference degree dominance and preference error
dominance
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Fig. 3 Illustration of the preference degree (PD) dom-
inance strategy (a) and preference error (PE) dom-
inance strategy (b) in two-dimensional optimization
problems
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P O p u I a.tl O n Algorithm 1 update(Np, Ng, 1. T'): updating for the PE Pareto set and PD Pareto set

Input: population size in preference spaoe W, population size in preference error space W, SBX operator parameter n,
imd |:|l.|:'|:|.::-e!|.' \'.l:- PﬂFl'.l.Iﬂ.'.il:ln “!m.’“—'il]:h "I!"

re n ewal Strate gy ':;Ll.l;p::;. prefemnoe space population P(T) and prefemne emor spae population QT

2: while ¢t <T do
3z initialize ™) ot random

for k=1 to Np do

Populatlon S for n =1 to 05(Np + Ng) do

fiz for m =1 to Ng do

. . . 7= for pr at Pt) do

updating in the grid
Be Pk = Pi
10: Qi) = g
11: end If
12: end for
13: for gm at Qf) do
14: If (G- pegmtt ) V [(¢m Fppgm+i) A (fmt 1 ¥ prgm]] then
15: Q(t) += gm
16: end if
17: end for
18: ' = BBX (g5, gm.n)
14: [t} = {randperm(2)) /* randomly slect one of the two individuals obtained by SBX into the st O[f) */
20: for cn at O] do
21: If 3pe. & P(t), cn-pope then
22 Pk &= cn
23: else if ;.FJ: [ .r:ll_f]: I:‘!:_.lb;pup*'l ! |_|;I|.=§=|J|:|T,|'| then
24: Pi =gy
25: end If
26: end for
7: If 3gm & Qt), cni-prgm then
28: Prm 4= Cn
e else If Ygm & QUt), (cnFpepe) A ge¥erta) AT E{1,2,--- M} (g0 o 2 )4k, o < f;]) then
30 If cn = gm then .
31 Im = Cn
32: else if (cn ¥ gm) A (gm ¥ ca) then
33: if E -,r.".i-::n_J - h-:n:'lz = £ 1'.':|:I]"n:: — bax, 1 then /* box; denctes the coordinates of the origin of the
B grid *

34: Fm = Cm
35: end if
56: end If
ar: else if Yqm € n'_'_;'if'l: [Cn FPEPE) A (e PEC) A ':.?._:I' S [1, E:- - .’:”- gk, o < i 1 A gqe, G = f:'l'l then
35: CHE) = cn ’
34: end if
40: end for
41: end for

42: end for
43: t=t+4+1
44: end while
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Algorithm 2 DIP-MOEA

Input: U;, u; = ¢(f;), Na,gj, Np, No,n, T
Output: preference Pareto set S(f)

I: forj=1,2,-.- ,M do

2: grid_':m._grid_‘;‘.” < grid(Uj, pj, Ng) /* determine two

grid spaces */

3: end for

1: P(t),Q(t) <= update(Np,Ng,n,T)

o if Uy = U7, pj = p); then

6:  return grid®™ (U;, p;) and grid®" (U;, p;)
7
8

: else if U; and p; remain unchanged then
. R(t) = P(t) L Q(t)
9: end if
10: for o =1 to Np + Ng do
11:  for r, at R(f) do

12: if (ro; = (£, +&5)) A(ro; < (fj +¢5)) then
13: R(t) =,
14: end if

15: end for
16: end for
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Major results
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Fig. & An illustration of the simulation results of DIP-MOEA with DTLE 1-7 and DDMOF 1-3 tost functions:
(a) DTLZ 1; (b) DTLZ 2; (c}) DTLZ 3; (d) DTLZ 4; (e} DTLZ &; (f) DTLZ 6; (g} DTLZ 7; (h) DDMOP 13 (i)
DDMOF I (j) DDMOF 3
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Tabla 4 Monn and variance of the IGI-CF of function svalustions of 3-, -, and 7-dimensional DTLE 1-7 and
DDMOFP 1-3 test functions with reforence points for six algorichms
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3662 « 1Y (693 x 10-T)
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E280 < 10! (.21 = 10-T)
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G.7EAG = 101 (514 = 10-2)
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4.4412 » 10—2 (2.08 = 10—7)
TADFE « 10! (750« 10-T)
BG12 x 1T (163 x 10-T)
E2TI « 107 (542« 10-T)
46514 « 10T (402 x 10-T)

L4434 = 102 (201 = 107y
GE2T = 10T (.04« 10Ty
25007 = 10—4 (2,091 » 10—
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24416 = 10~2 {1.06 = 10—
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AT =% W' (BAZ x 107
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U862 = 10-2 (111 » 10—F)
9008 « 10— (693 = 10-7)
40804 » 10— (8.60 = 10—F)
55001 = 10— (6.32 x 10-F)
59275 = 10~ (4.83 » 10—7)
5.7414 » 10— {(5.54 = 10—%)
G = 100 (570 x 10—2)
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Basr rosales are in bold
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Fig. 6 An illustration of the simulation results of the preference-based MOEAs (particle preference and all
preferences) on MOKP: (a) 2D MOKP with six kinds of preference-based MOEAs (partial preference); (b)
3D MOKP with six kinds of preference-based MOEAs (partial preference); (c) 2D MOKP with three kinds
of preference-based MOEAs (all preferences): (d) 3D MOKP with three kinds of preference-based MOEASs
(all preferences): (e) 4D MOKP with MOEA /D-PRE (all preferences); (f) 4D MOKP with RVEA-IiGNG (all
preferences); (g) 4D MOKP with DIP-MOEA (all preferences)
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Table 68 Values of the HV metric and runtime

HV Runtime (s)
Method

2D 3D 4D 2D 3D 4D
g-NSGA-II 9.65 x 107 8.12 x 1012 9.11 x 10'® 33.2 51.6 80.1
AD-NSGA-II 8.01 % 108 3.23 % 1012 6.00 x 1017 20.1 44.4 71.6
AP-==-MOEA 8.30 x 10% 2.46 x 10'? 8.77 x 1016 26.3 47.2 74.4
MOEA /D-PRE 8.45 x 108 3.77 x 1012 6.23 x 1017 23.1 46.2 75.2
RVEA-iGNGC 8.57 x 10° 2.12 x 1012 6.11 x 1017 22.9 47.8 77.6
PICEA-g 8.37 x 108 2.63 x 1013 6.65 x 1017 25.6 47.1 74.3
iPICEA-g 8.28 x 108 2.61 x 1012 6.03 x 1017 25.4 A7.7 73.3
DIP-MOEA 8.84 x 10% 2.75 x 1013 6.82 x 1017 21.2 46.6 72.1

Best results are in bold



Conclusions

1. To solve preference-based MOPSs, the corresponding relationship
between formal preference and model preference of the DM is
established by fuzzifying the preference, and the individual
dominance relationship and updating strategy are reset in the
objective space.

2. We consider the preference interaction problem when solving
MOPSs, and adjust the DM preferences in real time by adjusting the
grid, retaining the accuracy of population distribution and preference
area in the final solution set.

3. The experimental results show that DIP-MOEA can quickly solve
the test problems and has good performance concerning the
distribution of the Pareto front and the uniformity in the final solution
set.
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